Introduction
Vuralia turcica (Uysal et al., 2014 ) is a member of the subfamily Papilionoideae of the Fabaceae, and it was known by its previous name Thermopsis turcica Kit Tan, Vural & Küçüködük (Tan et al., 1983; Yıldız et al., 2017) . This plant species is considered the only species belonging to the genus Vuralia and is a Turkish endemic species. V. turcica is a hermaphrodite plant. The flowering period of this plant is summertime (May to June). The main feature of V. turcica is to have a gynoecium with 2-4 fully developed carpels (Tan et al., 1983; Özdemir et al., 2008; Vural, 2009 ). An action plan for conservation of T. turcica, named 'The Queen of the family of Fabaceae: Eber's Yellow-Piyan (Thermopsis turcica)' , was published by the General Directorate of Nature Conservation and National Parks under the Ministry of Forestry and Water Affairs of the Republic of Turkey in 2014. In this action plan, measures are determined for the conservation of this species in its natural habitat. V. turcica grows naturally in a very narrow range around lakes Eber and Akşehir in western Anatolia, Turkey (Tekdal and Cetiner, 2014) . These lakes are tectonic lakes and are located in a region with a semiarid continental climate (Aşçı et al., 2015) .
The natural populations of V. turcica are in danger of extinction due to the careless usage of agricultural areas, destruction of natural habitats, and continuous removal of the rhizomes from nature, since local people think that this unusual species is a weed. It has a long rhizome ( Figure  1 ) that grows horizontally underground, permitting the parent plant to propagate asexually.
The soil consists of organic debris and humus, water, air, mineral matter, and living organisms such as bacteria, protists, and algae (Moor et al., 2001) . It is essential to determine the nutrient status of soils, in order to recommend appropriate nutrient supply from external sources for research into plant physiology and its application in agricultural experiments (Sahrawat, 2016) , as well as for identification of levels of heavy metals toxic to plants (Falciani et al., 2000) . The typical range of macroand microelements in different soils is summarized in Table 1 .
Crop production and plant growth can easily be affected by various parameters such as soil moisture; the presence of weeds, pests, or diseases in the habitat; and climatic change; furthermore, the results of a single soil nutrient analysis do not guarantee that the levels of measured nutrients will be constant during the growth period (Dahnke and Olson, 1990; Marschner, 2012; Sahrawat, 2016) . The analysis of soil status is especially useful in the assessment of nutrient uptake status, which is essential for in vivo conservation and soil mineral management on the application of fertilizer. Soil fertility is critical for crop growth and is assessed in terms of different parameters including soil nutrient availability (Stockdale et al., 2002) .
There is currently no detailed literature available regarding mineral element content of the soil in the fields in which V. turcica grows. Thus, analyzing this soil is necessary in order to understand the growth parameters and mineral tolerance of V. turcica. Soil elemental analysis can be realized by inductively coupled plasma optical emission spectrometry (ICP-OES), which is a technique widely used to detect trace amounts of heavy metals and nutrients. In the present study, soils were collected from different points in the natural habitat of V. turcica for the first time and were evaluated for their mineral element content. Since V. turcica is seriously threatened with extinction, the most worrying situation concerning the conservation of this plant species is that its optimal developmental demand has not been elucidated. In this regard, determination of the mineral nutrient requirement of this unusual plant species, which is an important genetic resource, would be significant when developing a strategy for the protection of the plant. From this point of view, the main purpose of the present study was to determine the mineral content of the soils developed by V. turcica. Cenkci et al. (2007) reported that V. turcica has an extent of occurrence (EOO) of c. 40 km 2 as a result of intensive agricultural purposes such as the use of wetlands as agricultural land and groundwater abstraction for irrigation. Since V. turcica has a small EOO, this species has been categorized as Critically Endangered (CR) in the Red Data Books of Turkish plants (criterion B1ab (i, ii, iii)) (Ekim et al., 2000; Özhayat et al., 2005; IUCN, 2014; Kavak, 2014) . The difference in the spread of the plant based on location was stated in the species protection action plan published by the General Directorate of Nature Conservation and National Parks under the Ministry of Forestry and Water Affairs of the Republic of Turkey. Due to lack of quality plant's habitat, small EOO, and limited numbers of individuals within rare populations, soil samples could not be collected in an equal number from each location. Soil samples in this study were collected from 8 different locations in Konya Province in Turkey with a soil stem auger at 30-60 cm depth, yielding a total of 21 samples. The coordinates of each sample collected were determined by a global positioning system (GPS; Magellan eXplorist 310). Each sample was labeled and stored in a sample container. Details of the locations from which soil samples were obtained are given in Table 2 . Although the present study focused on analyzing the content of nutrients in soils more than that in plants, flowers and leaves of V. turcica were taken randomly from the 8 different locations (one sample from each location) with determined coordinates, so as not to harm the local population during the pollination period of V. turcica. The plant materials were dried at 80 °C for 2 days and preserved at Sabancı University, İstanbul, Turkey. 
Materials and methods

Soil analysis
Collected soil samples were air dried for a couple of days and then were separated out through a 2-mm mesh for analysis. The analysis parameters used were hydrogen potential (pH), electrical conductivity (EC), and mineral element concentration of the soils.
Analysis of pH and electrical conductivity of collected soils
Soil pH was analyzed according to a procedure published by Jackson (1959) in the supernatant after extraction of moist soil samples using a water:soil ratio of 2.5:1. The pH of each sample was determined by a pH meter (Hanna instruments-HI 2211) with a glass electrode. The electrical conductivity (EC) of each soil sample was determined according to Richards (1954) using an electrical conductivity (EC) meter (WTW series-inoLab-Cond-720) in a 5:1 distilled water:soil dilution.
Mineral element analysis of the collected soils and plant parts
Microelement content (B, Cd, Cu, Fe, Mn, Ni, and Zn) of air-dried soil samples was analyzed according to a procedure published by Lindsay and Norvell (1978) , whereas macroelements (Ca, K, Mg, and Na) of the samples were measured according to Olsen et al. (1954) . Mineral concentrations of samples were measured by inductively coupled plasma optical emission spectrometry (ICP-OES) (Vista-Pro Axial, Varian Pty Ltd, Mulgrave, Australia) and were analyzed at ppm level. These measurements were checked with certified standard reference materials obtained from the National Institute of Standards and Technology (NIST; Gaithersburg, MD, USA). In addition, P was measured according to the method described in Tüzüner (1990) , whereas N was analyzed according to TS 8337 ISO 11261 in the Research and Development 
Results and discussion
Soil sampling is the first and most critical stage of soil analysis (Carter and Gregorich, 2008) . In the present study, due to the limitation of individuals in a smallsized population, samples were collected separately under appropriate conditions and were air dried as soon as possible for further analysis. For many plants, soil for efficient growth and development requires a pH value of 5.5-6.5 and low salinity shown by 1.5-3.5 dS/m electrical conductivity (EC) ( Table 1 ). In the present study, the pH and electrical conductivity of the soil samples were analyzed and are reported in Table 3 . These results showed that all soil samples collected from different points were strongly alkaline as the pH range of tested samples was from 8.62 to 9.16 (Table 3) . pH value is crucial for biological activity, nutrient uptake, and soil structure. The factors like removing bases by various causes such as root and microorganisms' organic acid secretion and leaching from solution make most of the world's soils highly substantial to acidic (Foth and Ellis, 1996) . Two soil samples, sample 5 and sample 15, had high EC, 2.8 and 4.7 dS/m, respectively (Table 3) . As stated in Özdemir and Kahraman (2015) , if the pH of the soil is higher than 8.5 and the EC value is also greater than 4, this soil is classified as saline/alkaline, whereas if the pH is higher than 8.5 but the EC value is lower than 4, this soil is only alkaline. According to the results of pH and EC analysis in this study, sample 15 is a saline/alkaline soil, whereas all the other soil samples including sample 5 were alkaline but not saline (Table 3) . The concentrations of the mineral macro-and micronutrients measured in the different soils are summarized in Table 4 . ICP-OES is the most popular instrument to quantify macro-and micronutrients (Carter and Gregorich, 2008) and, in the present study, ICP-OES was used to measure nutrient content of collected soils.
Soil pH is critical for various events including iron formation in the soil. Iron (Fe) occurs in two forms in soils: (i) ferric-Fe (III) and (ii) ferrous-Fe (II). Soil pH, along with the aeration condition of the soil and availability of bicarbonate, plays a major role in determining which form of iron predominates in the soil (Black, 1993; Sahrawat, 2016) . Iron deficiency is mostly observed in high pH soils (Thangasamy, 2015) . If the soil pH is in the alkaline range (generally pH > 8.0), Fe, Zn, and Mn are available in the sufficiency ratio (Sahrawat, 2016) . Zn concentration was very low in samples 1, 2, 3, 5, 6, 7, 8, 12, 14, 15, 16, 18, and 21, whereas samples 4, 9, 10, 11, 13, 17, 19 , and 20 had sufficient Zn ( . Cd is typically found in soil in a concentration range of 0.07-1.1 mg kg -1 (Ashraf et al., 2016) . High levels of Pb and Cd can affect plant growth, photosynthesis rate, mineral nutrient uptake, and different types of biochemical and physiological processes (Khan et al., 2013; Ashraf et al., 2016) . The concentration of Cd (Table 4) was very low in all soil samples tested. Hence, none of the samples were toxic with regard to their level of Cd. As reported in previous studies, application of heavy metals such as Cd and Pb to the plant growth medium tends to reduce the bio-absorption of Mg, Ca, and K (Ashraf et al., 2016 ). All the samples tested were very rich in terms of Ca, Mg, and Na, ranging from 2352 to 7090, 278 to 2565, and 25 to 4031 ). Although sample 15 had the highest EC value, the maximum Na concentration was found in sample 18 according to the ICP-OES measurement reported in Table 4 . This could be due to increasing Cl -ions more than Na + in the soil including a high concentration of NaCl as described in Tavakkoli et al. (2010) . In the present study, data for Cl measurement are not available. The soil (sample 5) including the largest amount of Ca (7090 mg . On the other hand, Ni and Cu levels were very low in all samples tested. Ni and Cu levels in these soils ranged from 0.21 to 1.09 and 1.57 to 5.73 mg kg -1 , respectively. As seen in Figure  3 , V. turcica spread in a narrow area in locations 3 and 5, which have soils with low Zn concentration. Nonetheless, it can be concluded that this unusual species is resistant to mineral changes in the soil due to growing in all soils having different mineral element content in the present study. Concentrations of P in all samples were far below the optimum level given in Table 1 . P content in the soils varied from 0.05 to 0.92 kg ha -1
. The cause of low P value in the soil may be the result of uptake by growing crops and biological activity. It is known from earlier studies that phosphorus uptake increased during the growth stage in onion (Thangasamy, 2015) . Soil samples analyzed in the present study were collected from natural habitats of V. turcica during the seed development period, and this may explain the low P state in the analyzed soils. In the case of N, three of the 21 samples (sample 15, 18, and 21) had deficient levels compared to reference levels (Table 1) , but the concentration of N in the rest of the samples was adequate. N content in these soils ranged from 700 to 2940 mg kg -1 . Unlike P, the soil nitrogen cycle is very active and is connected with microbial biomass that participates in the conversion of an organic to an inorganic form of N. No data are available on microbial biomass in soils where V. turcica grows to date. A literature review has shown that the only information on mineral element content of soils where V. turcica grows was found in the species protection action plan published by the General Directorate of Nature Conservation and National Parks under the Ministry of Forestry and Water Affairs of the Republic of Turkey. In this book, mineral element contents of 4 soil samples collected from Sultandağı (n: 2) and Kırca (n: 2) were analyzed. Measured elements were Fe, Cu, Zn, Ca, Mg, P 2 O 5 , and K and the measured levels of these elements are in agreement with the outcomes of the present study. In addition, mineral element contents of plant tissue samples (flower and leaf) collected from 8 different locations were analyzed. The highest Ca, K, Na, N, and P were found in leaves of sample 1, whereas Mg content was highest in leaves of sample 18. On the other hand, Fe and Zn level were higher in flowers of sample 1 than in leaves. Cd, Cu, Ni, and Mn levels were similar in all analyzed plant tissue samples. Moreover, the present study revealed that the concentrations of Mg and N were higher in leaves of V. turcica than in flowers during pollination period. V. turcica grows on alkaline soils, and it is sufficient in essential elements (Tables S1 and S2 , Supplementary Data).
Exogenous factors such as soil shaking time, digestion method, extraction temperature, and pH can affect the extraction efficiency of some micronutrients (Gaudino et al., 2007) . In addition, sampling depth (30-60 cm depth) may have caused some variation in the range of mineral elements in the environmental analysis. As reported by Ferreiro et al. (2016) , there is a correlation between soil depth and land use. In contrast, the present results showed not much variation in sampling distance because of the limited area of propagation of V. turcica. Soil pH and structure with different particle size can affect some watersoluble elements, as plants' one characteristic is to absorb water. Different samples tested had distinct soil structures. Thus, the above explanations show that there is a difference in mineral element content in the samples tested.
In conclusion, soil nutrient deficiency can significantly decrease plant growth and vigor, and reduce productivity. Soil tests, combined with plant tissue tests, are necessary in order to facilitate conservation of V. turcica in its natural habitat. Therefore, future studies should include plant tissue tests of V. turcica as nutrient uptake patterns and dry matter accumulation; hence nutrient supply can be optimized through fertilizers during the growing season. The outcomes obtained from this study will contribute to priority activity targets (3.1. Investigation of the effects of climate, hydrology and soil characteristics of the area on the spread of Piyan) specified in the species protection action plan designated by the General Directorate of Nature Conservation and National Parks under the Ministry of Forestry and Water Affairs of Republic of Turkey in 2014.
